Introduction
Inula grantioides (Boiss.) syn. /. cutchica Clarke is found in South West Pakistan, Karachi (Sindh), Kutch, Indus delta and Baluchistan. The plant is recommended for the treatm ent of asthma. This plant has not been subjected to chemical investiga tion so far. In the present paper we wish to report the isolation of two new flavones, grantionin 1 and grantioidinin 2 along with pluchidione 3, a known sesquiterpene.
Results and Discussion
G rantionin (1) , m .p. 134-136 C was isolated as cream coloured am orphous solid from the methanolic soluble portion of the whole plant (epigeal parts except flowers) as described in the expe rimental.
The high resolution mass spectrum of 1 showed the molecular ion peak at m/z 328.0934 corre sponding to the molecular formula C IKH ,60 6. The UV spectrum displayed maxima at 277 nm (loge = 2.63), 329 (logg = 2.72). These values indicated that com pound 1 is a flavone [1] , The absence of l * Reprint requests to Prof. Dr. V. U . Ahmad.
Verlae der Zeitschrift für Naturforschung. D-7400 Tübingen 0 9 3 2 -0 7 7 6 91 0 7 0 0 -0 9 5 0 SOI.00/0 the usual bathochrom ic shift UV spectrum of 1 with NaOAc as generally recorded for the 7-hydroxy flavone was attributed to the presence of OMe at C -6 position [2] . It proves that the only hydroxyl group which is present in ring A is not free [3] . With sodium methoxide spectra com pound 1 exhibited a shoulder at 315 nm suggesting an OH-7 [4] .
In the 'H N M R spectrum three methoxyl sin glets were present at Ö 3.93, 3.92 and 3.89 ppm. There is a singlet at Ö 10.76 assigned to a phenolic proton present at C-7 [5] . A singlet at Ö 6.54 was due to H -8 . A nother singlet was resonating at (5 6.87 was for H-5. A double doublet at ö 7.85 (2H) showing only /?7^/c/-coupling (J = 2.11 Hz) was assigned to H-2' and H-6 '. A double doublet at ()' 7.57 with only me/c/-coupling (J = 2.10 Hz, 1H) was due to H-4'. There was a singlet at Ö 6.45 which was attributed to H-3. These assignments were confirmed by 2 D correlation o f proton shift through a COSY-45 and 2 D-7-resolved experi ments. The coupling interactions were established by a COSY-45 experiments. The double doublet at C-4' which appeared at Ö 7.57 had a cross peak with H-2' and H-6 ' (J 7.85). Similarly the double doublet at S 7.85 for H-2' and H-6 ' coupled with each other and with H-4' at Ö 7.57.
In the 13C N M R the upfield shift of C-4 again shows the absence o f C-5 hydroxyl group [6 ] , while the values of C-2 and C-3 indicate the absence of 3-methoxyl group (Table I ). The remaining two methoxyl groups were present at 3' and 5'. The ap pearance o f two double doublets at ^ 7.85 (2H) and 7.57 (1H) is clearly indicative o f the substitu tion pattern in ring B. The values of I3C N M R also support their structure [7] .
If both the methoxyl groups were present in ring A then there should be a peak at m/z 180 which was not observed. The presence of 6 -methoxyl group was also evidenced by the major ion [M-15]+ (8 8 % ) [8 , 9] , other mass fragm entation are given below in sup port o f structure 1 .
The 'H N M R chemical shift differences (Ac5 = ^c d c i , -^c 6d 6) further prove the presence of methoxyl groups at position 6 , 3' and 5'. If the methoxyl group is present at position 7 instead of 6 then the shift value must be high but it was found to be + 0.25 [10] . Similarly for OMe at 3' and 5' it was + 0.42 and +0.44. Grantioidinin 2: was isolated as cream coloured am orphous solid. The HR mass spectrum showed [M]+ at m/z 418.1248 corresponding to the molec ular form ula C2iH22 0 9. The UV spectrum showed absorption maxima at 278 (logs = 2.48), 345 (logs = 2.61) and shoulders at 260 and 360 nm which indicated the presence of a 3-methoxy flavone [1] . In the presence of A1C13 -H C 1 band 1 showed a bathochrom ic shift of ca. 18 nm relative to the spectrum in pure methanol. The magnitude of this shift indicates that a hydroxyl group is present at position 5 and one of the methoxyl group is situated at position 6 [1] . The IR spectrum contains peaks at 3448 (OH), 1600 cm 1 (arom atic ring). 1728, 1645 cm ' 1 (a,/?-unsaturated ketone).
C om pound 2 showed six methoxyl singlets, each integrating for 3H , at ö 3.92, 3.92, 3.95, 3.95, 3.96 and 3.97. There is a signal at Ö 12.73 assigned to a phenolic proton, indicated a 5-OH [5] , A doublet at S 7.32 showing only or?/7ü-coupling (J = 8.50 Hz, 1H) was assigned to H-3'. A double doublet at Ö 6.98 (J = 8.48 and 2.15 Hz, 1H) was due to H-4', another doublet at ö 7.53 (J = 2.16 Hz, 1H) with only meta-coupling was as signed to H -6 '.
Two dimensional N M R measurements were carried out to verify the !H N M R assignments. The coupling interactions were established through correlated spectroscopy (COSY-45 and 2 D-J-resolved). The doublet at H-3' which ap peared at ö 7.32 was coupled with H-4' (6.98). The doublet of H -6 ' at <5 7.53 was coupled with H-4' (6.98). Similarly, the double doublet of H-4' had a cross peaks with H-3' (7.32) and H-6 ' (7.53).
The broad band and DEPT 13C N M R spectra of 2 were very useful in elucidating the structure of the com pound, which showed typical signals of C-2, C-3 and carbonyl C-4 indicate that 2 is a 3-methoxy flavone ( Table 1 ). The chemical shift of C-5 supports the presence of a phenolic group attached to this position [6 ] , A spot of compound 2 appeared deep purple in UV light and remained unchanged after exposure to N H , vapour [11] . This again shows that there is a hydroxyl group at position 5 and a methoxyl at position 3. The presence of [M-15]+ fragment at m/z 403 (83%) again proves the presence of a methoxyl group at position 6 [8 , 9] . The absence of a band III in the UV spectrum of 2 in sodium methoxide indicated the presence of a 7-methoxyl group. The carbon shifts of OMe substituents usually occur between 55.0 to 56.5 ppm but in some cases they are observed further downfield be tween 59.5 and 63.0. This deshielding effect is seen only when the OMe is diortho substituted by two bulky substituents such as other OMe, or OH, or a ring, or a ring junction. Dhami and Stothers [12] have suggested that this is due to steric hindrance to resonance between the O of the OMe and the arom atic ring, a view that is substantiated by Hofer's observation [13] that an OMe substituent on an aromatic system favours a conform ation lying in the plane o f the ring to permit maximum over lap between the orbitals of the O lone pair and the 7r-o rbital o f the aromatic nucleus. It would follow therefore that where there is an unsubstituted posi tion adjacent to an OMe the Me carbon will be shield by the conjugated electrons whereas in other cases, when the oxygen is not fully conjugated, it will become relatively deshielded. Thus in 2 the oc currence of two resonances for OMe carbons at 61.11 and 60.91 ppm, and one at 60.64 ppm, re quires two o f the OMe groups to be flanked by ei ther other OM e or ring junctions, and only one to be ortho to a proton. Such a situation is only met by the 6,7,8-substitution pattern as in [14] with re spect to ring A.
The remaining problem concerned the assigning of two remaining methoxyl groups to five availa ble positions in the B ring. They are either present at 2', 5' or 3', 4' or 2', 4'. The presence of the 2'-methoxyl group was evidenced by the major ion [M-31]+ [15] at m/z 388 (85). This major ion was not present in 5-OH, 3,6,7,8,3',4'-hexamethoxy fla vone. Other mass fragmentations (see Experimen tal) also support the structure 2 for this com pound.
In benzene-d6 the signal of the methoxyl group at position 3 was shifted upfield by +0.23 which again proved that the methoxyl group is at posi tion 3. It is known that the solvent shift o f the C-8 methoxyl group is very small and it is found to be + 0.06. The shift was +0.72 for methoxyl-7. The methoxyl signals at 2' and 5' were shifted upfield by +0.51 and +0.45. In the case of OMe-4' the sol vent shift is reported to be +0.60 ppm [10] , Thus 2 is clearly 5-hydroxy-3,6,7,8,2',5'-hexamethoxy fla vone and different from the known 5-hydroxy-3,6,7,8,3'.4'-hexamethoxy flavone.
Experimental 'H N M R and 13C NM R: Bruker AM-400 NM R spectrometer. UV spectra: Shimadzu UV-240 spectrophotom eter. IR spectra: JASCO A-302 spectrophotom eter. HRM S and FDMS: Finnigan MAT-312 mass spectrometer connected to a PDP 11/34 (DEC) com puter system.
Extraction and isolation of compound 1 and 2
The semi-dried chopped epigeal parts ol Inula grantioides (Boiss) 40 kg (except flowers) were soaked in hexane and homogenized with ultra turrax homogenizer. After removal of the hexane ex tract x 3 from the homogenized material o f I. gran tioides. The residue was soaked in distilled MeOH. The methanolic extract was taken and the solvent was removed in vacuo. The residue obtained was extracted with ether. The ether-soluble portion was evaporated in the rotary evaporator. The gummy residue (72 g) was loaded on a large silica gel column and chrom atographed in the order hexane, hexane-chloroform mixture, chloroform , chloroform-ethyl acetate mixture, ethyl acetate, ethyl acetate-methanol mixture and finally with pure methanol.
Elution with chloroform-ethyl acetate (85:15) contained a mixture of closely moving com pounds. The mixture was completely evaporated in rotary evaporator and then subjected to solvent separation, shaken with hexane, the hexane insolu ble portion was then shaken with ethyl acetate. Com pound 1 remained as insoluble material and was filtered. It was further washed with ethyl ace tate. Com pound 1 was obtained as cream coloured am orphous solid m .p. 134-136 C. It was recrys tallized with pure MeOH. The purity o f the com pound 1 was checked on HPTLC.
The ethyl acetate soluble portion was subjected to repeated flash column chrom atography with chloroform-ethyl acetate (90:10) as mobile phase solvent. The first few fractions afforded com pound 2 with some impurities. It was further puri fied through thin layer chrom atography on silica gel cards. Com pound 2 was obtained as cream col oured am orphous solid m .p. 168-170 C. It was recrystallized with pure MeOH and its purity was checked on HPTLC. Elution with chloroform -eth yl acetate 80:20 afforded com pound 3 [16] with some impurities. Further purification was carried out TLC cards plates. It was obtained as light yel low gum. 
